INTRODUCTION
Although biodegradable polymers have been commercialized for over 30 years, this niche market is beset with a variety of roadblocks led by high prices and lack of an industrial infrastructure to deal with these materials [Baji et On the other hand, wise utilization of bioresources is urgent regarding the emerging energy crisis and heavily environmental contaminations [Wang et al. 2008 , Czech et al. 2013 ]. In fact, biodegradable polymers can be derived from various raw materials, such as chitosan, chitin and starch [Czech et al. 2013] . A vast number of biodegradable polymers have been synthesized recently and some microorganisms and enzymes capable of degrading them have been identified [Chandra, Rustgi 1998 ].
In many countries, environmental pollution by synthetic polymers has assumed dangerous proportions. As a result, attempts have been made to solve these problems by including biodegrad-ability into polymers in everyday use [Chandra, Rustgi 1998 ].
Biodegradation is a natural process by which organic chemicals in the environment are converted to simpler compounds, mineralized and redistributed through elemental cycles such as the carbon, nitrogen and sulphur cycles. Biodegradation can only occur within the biosphere as microorganisms play a central role in the biodegradation process [Chandra, Rustgi 1998 ]. Under appropriate conditions of moisture, temperature and oxygen availability, biodegradation is a relatively rapid process. Biodegradation for limited periods is a reasonable target for the complete assimilation and disappearance of an article leaving no toxic or environmentally harmful residue [Chandra, Rustgi 1998 ].
The respect of the environment is a capital point in a sustainable development context. We should act in this way to preserve fossil resources and reduce the pollution of the Earth. The fabrication of industrial products must consume less energy and the raw materials must be in priority renewable resources, in particular from agricultural origins [Lucas et al. 2008 ]. Therefore, biodegradable plastics and bio-based polymer products based on annually renewable agricultural and biomass feedstock can form the basis for a portfolio of sustainable, eco-efficient products that can compete and capture markets currently dominated by products based exclusively on petroleum feedstock [Mohanty et al., 2002 , La Mantia, Morreale 2011].
Biodegradable polymers are useful for various applications in medical, agriculture, drug release and packaging fields [Chandra, Rustgi 1998 ]. Many manufacturers have introduced biodegradable bioplastic materials and have suggested that consumers avoid conventional ones. An increasing number of products labeled with the terms "environmentally friendly", "degradable", "bio-," "green-", "biobased", and "biodegradable" are being developed as promising solutions to litter "simply disappearing".
The objective of this study was to determine the biodegradability of bioplastic materialssponge cloths -available on the European market that are labeled as 100% biodegradable but not certified as compostable. The test was carried out in a controlled composting environment. The project length was 22 weeks. The emphasis was put on discovering whether the sponge cloths are biodegradable or not.
MATERIAL AND METHODS

Bioplastic materials -sponge cloths
The investigated materials were labeled as 100% biodegradable sponge cloths obtained from chain stores in the Czech Republic. Two kinds of biodegradable sponge cloths (commercially available) ( Figure 1 and Figure 2 ) were used in this study and cellulose filter paper as a positive control (reference mixture). One of them (as stated by the manufacturer) was a sponge made from renewable resources and using an internal organic cotton mesh -samples A ( Figure 1 ).
Another (as stated by the manufacturer) was a super absorbent sponge, easy to rinse, washable at 95°C, durable with an internal cotton mesh, made from natural fibers -samples B (Figure 2 ).
The amounts of synthetic waste and sponge pieces placed in each reactor are listed in Table 1 .
Disintegration tests
The degree of disintegration of the sponge pieces was evaluated following modified version of CSN EN 14806 Norm ''PackagingPreliminary evaluation of the disintegration of the packaging materials under simulated composting conditions in a laboratory scale test" and a modified version of CSN EN ISO 20200 "Plastics -Determination of the degree of disintegration of plastic materials under simulated composting conditions in a laboratory-scale test" (ISO 20200:2004). According to these tests, the sponge pieces were mixed with a solid biodegradable synthetic material and subjected to aerobic degradation. However, the composition of the synthetic material was changed as follows (as percentage of dry mass): 40% wood sawdust, 30% biodegradable municipal waste, 10% compost, 10% starch, 6% glucose, 4% oil. This modification was undertaken in order to bring the test nearer to real conditions. For each tested material two reactors were prepared following the CSN EN 14806 Norm. The CSN EN 14806 Norm states as useful for the control of the development in the reactor in which the composting takes place to undertake a blind experiment without the tested material. The authors modified the procedure stated in the Norm and in order to safeguard the presence of suitable conditions for biodegradation cellulose filter paper was used. The control of humidity was carried out under the CSN EN 14806 Norm, not according to the CSN EN ISO 20200. The compost used corresponded to threemonth-old mature compost, which was provided by a full-scale aerobic composting plant located in Brno-Černovice (Czech Republic). The characteristics of the compost used are shown in Table 2 .
The commercial compost was sieved through a 5 mm sieve before it was added to the mixture. The manufactured pieces were cut into smaller ones and vacuum-dried at 40.0ºC (±2ºC) for 72 h before the experiments (Figure 3) .
The sponge pieces and reference materials were used in the same form, that is, both had a surface of 25 mm × 25 mm. A mass of 16.0 ±0.5 g of sponge pieces was mixed with 433•10 -3 kg of wet synthetic material and put in a polypropylene reactor. The polypropylene vessels of 300 mm × 200 mm × 100 mm (length, width, height) ( Figure 3) were hermetically sealed to avoid excessive evaporation, but they had 5 mm diameter holes at the center of each 100 mm side for air exchange. The initial volume of the mixture was approximately 90% of the volume of the reactor. In Table 1 , the initial weights of synthetic material and the corresponding amounts of sponge pieces added to each reactor are summarized. 
Figure 3. Sponge pieces cut into smaller ones
The aerobic degradation was carried out in an air circulation oven (composting bioreactor) at a constant temperature of 58.0±2 ºC. The duration of the incubation was 22 weeks. During this time, moisture, mixing and aeration of the samples were periodically controlled. Also the pH was measured in order to study its evaluation. During the experiment wood sawdust was added because of pH adjustment (mean 20 g).
After a 22-week composting period, the seven composts obtained were characterized by determining their final mass. Each compost sample was dried at 58.0±2 ºC until a constant mass was obtained and then sieved with the objective of separating the remaining plastic pieces greater than 2 mm. The recovered fragments were washed with distilled water, dried at 40.0±2 ºC, and weighed for calculating the corresponding disintegration degree (D):
where: M i -corresponds to the initial dry mass of sponge pieces, M r -represents the dry mass of the recovered sponge pieces after composting and sieving.
Monitoring of the composting process and the resulting compost products are essential to determine whether the biodegradable sponge cloths used are biodegradable/compostable and whether they have a detrimental effect on either the composting process or the compost product.
RESULTS AND DISCUSSION
Monitoring and control of composting experiments
The composting reaction was periodically controlled by measuring the temperature and odor and by determining the pH and the content of moisture of each reactor. Further verification of the correct course of the composting process can be conducted by means of pH. For the observation and control of the composting substance pH papers were used. The monitoring was carried out regularly during the entire composting process. Figure 4 shows the pH variation of each reactor over time. The observed pH changes not always correspond to the theoretical evaluation following the Norm CSN EN 14806. Because of this during the experiment wood sawdust was added (mean 20g) as needed.
Temperature profile
The temperature was maintained at 58.0ºC (±2.0ºC) as it is shown in Figure 5 . During the period of composting, the temperature decreased below 56ºC (±2.0ºC) because of the mixing and aeration of the samples.
The temperatures in the composting bioreactor (with air circulation) were recorded regularly during the entire course of the experiment. Despite the CSN EN 14806 Norm enables to terminate the temperature measurement after 45 days, in our experiment the temperature was measured throughout the period of 22 weeks. On the basis of the measured figures, a temperature profile was created ( Figure 5 ).
Control of humidity
Losses of water were observed in all of the reactors throughout the composting period, distilled water was added to the reactors in order to maintain the optimal percentage of moisture. After 22 weeks of composting, each compost sample was characterized. The humidity control was conduct- ed according to Kalina [Kalina, 2004] . The humidity was measured by a preliminary test periodically during the entire course of the experiment.
Odor
Odor was observed during the composting process. The sequence of recorded odors in the test was as follows: during the first two days the synthetic waste showed acid odor, approximately from day 8 the odor altered into ammonia and from day 20 no odors (ammonia or acid) were perceptible. Table 3 presents the exact amounts of sponge pieces before and after composting from each reactor, as well as their corresponding disintegration degree (D), calculated according to Eq. (1). The sponge pieces after composting process are shown in Figure 6 . In samples B 3 , B 4 and B 5 , more than 80% of the initial plastic material was degraded. In particular, the disintegration degree of samples B 5 , had an average value of 99.5%, while the average values obtained for samples B 3 and B 4 were 84.8% and 87.8%, respectively. Sample B 1 , B 2 and B 6 showed a decomposition rate of less than 80%. The lowest percentage of decomposition was observed in samples A 1 (21.7%) and A 2 (12.8%).
Disintegration calculation
CONCLUSION
In this study, the biodegradability of two materials used for commercial applications was investigated under composting conditions. The validity of the tests was confirmed in that positive controls (cellulose paper) biodegraded by 100%. While same of the bioplastic materials -sponge cloths biodegraded to an appreciable extent some did not improve the biodegradability of those recalcitrant materials. The biodegradation of the sponge cloths However, Samples A -sponges made from renewable resources and using an internal organic cotton mesh showed very slow degradation rate. The weight loss of these samples was 3.47 g and 2.05 g. The main conclusion from this study is that biodegradation of bioplastics materials strongly depends on both the environment in which they are placed and the chemical nature of the material. Systematic research to investigate the effects of composting conditions on the degradability of biodegradable materials should be performed in the future.
